The aims of this study were to assess the presence and the frequency of isthmuses in the mesial roots of the maxillary and mandibular first molars (at two resection levels from the apex), and to compare the findings obtained by macroscopic observation (MO) and operating microscope (OM). Forty maxillary and 40 mandibular mesial roots were observed at 3 and 5 mm from the apex initially macroscopically and then with the use of an OM. The presence of an isthmus and the number of root canals detected were recorded. Data were analyzed statistically by Fisher's exact test for isthmus evaluation and Wilcoxon signed rank-test for number of root canals at a confidence interval of 95%. Comparison between MO and OM regarding the number of roots with isthmuses provided the following results: Mandibular group: At 3 mm level: MO 19 vs. OM 27; at 5 mm level: MO 31 vs. OM 32. Maxillary group: At 3 mm level: MO 9 vs. OM 14; at 5 mm level: MO 19 vs. OM 21. Significant differences (p<0.05) were found concerning the accuracy of the isthmus detection methods at both resection levels (3 and 5 mm) and both types of roots, as well as for the number of the canals inspected under the OM between the two resection levels of the mesial roots of the maxillary first molars. Under the tested conditions, OM increased the diagnostic accuracy of isthmus detection at both resection levels and root types.
INTRODUCTION
Isthmus is defined as a fine junction between two or more root canals coexisting in the same root (1) . It mainly encloses pulp tissue (2) , organic remnants and calcified areas (3) and should be considered as a very essential element of root canal space anatomy (2) . The most frequent area to be revealed is the apical 5 mm. As a result, isthmus occurrence is difficult and sometimes unable to be inspected (2, 4) . Common similar expressions describing the term "isthmus" are lateral interconnection, corridor and transverse anastomoses (5) .
Pulp space irregularities, such as isthmuses at certain levels across the root, increase the difficulty degree of root canal instrumentation and may have an impact on root canal treatment success (6) .
Furthermore, isthmuses appear to be difficult to get approached by root canal instruments (2) . Whenever bacteria or their byproducts gain entry inside the pulp space, it is inevitable that they reach isthmuses too (2) . As a result, they act as bacterial reservoirs (2) . Irrigating solutions and root filling materials are not likely to penetrate into these spaces (7) . This is one of the reasons why a number of surgical or non-surgical endodontic treatments performed in a state-of-the-art fashion, result in failure (2, 4, 8) .
Isthmuses that are overlooked during periradicular surgery can also lead to failure (4) . Nowadays, root-end resection followed by a proper isthmus preparation and filling is expected to increase the success rates of endodontic treatment in certain cases (7, 9, 10) .
The one and only prerequisite for the existence of isthmuses, as part of pulp space morphology, is at least two root canals running in a single root (II, III, IV Weine's categories). Therefore, mesial roots of mandibular first molars and mesiobuccal roots of maxillary first molars are by far the most common to reveal the presence of isthmuses (4, 7) .
The aims of this in vitro study were to assess the presence and the frequency of isthmus in the mesial roots of maxillary and mandibular first molars (at two different resection resection levels from the apex), and to compare the findings between macroscopic observation (MO) and analysis with an operating microscope (OM).
MATERIAL AND METHODS
Forty maxillary and 40 mandibular, freshly extracted first molars were randomly selected and stored in distilled water. The patients' age, gender, and race were unknown. The identification of these teeth as maxillary or mandibular first molars was confirmed by accepted criteria (11) . All distal roots as well as palatal roots of maxillary molars with the respective part of the crown were sectioned using a high-speed diamond (Isomet 11-1180; Buehler Ltd., Lake Bluff, IL, USA) under running tap water and discarded.
Each root was placed in 5.25% sodium hypochlorite for 24 h (in order to remove any organic debris). Then the specimens were numbered, embedded in self-curing acrylic resin blocks (Jet acrylic resin; Lang Dental MFG. Co., IL, USA) and subsequently sectioned perpendicular to the long axis of the root at 3 mm short of the apex using a high-speed diamond (Isomet 11-1180; Buehler Ltd.) under running tap water, rinsed thoroughly with sterile saline, subjected to 1% methylene blue staining (MBS) for 20 s, rinsed shortly with pure alcohol and dried (9, 12, 13) .
The stained root surfaces were examined by three examiners (two endodontists and one general dentist) initially macroscopically from a standard 30-cm sitting position without magnification, and then under an OM (Protégé Plus; Global Surgical, Inc., St. Louis, MO, USA) at ×3 magnification (14) . Recordings were the results of the agreement between all examiners or at least two. The exact number of root canals located at this level and the presence of an isthmus were recorded. The images from the OM were captured through a CCD camera and stored.
Then the resin blocks containing the roots were sectioned in a perpendicular direction at 5 mm short of the apex and the same staining, recording and evaluation procedures described before were done.
Data were analyzed statistically by Fisher's exact test for isthmus evaluation and Wilcoxon signed rank-test for number of root canals at a confidence interval of 95%.
RESULTS
The results regarding the number of root canals (percent values) and the presence of isthmus at the resection levels with the two observation methods are illustrated in Tables 1 and 2 .
Concerning the number of root canals running in the mesial roots of mandibular first molars, no significant difference was found in terms of the observation method at 3 mm short of the apex. At the level of 5 mm, same percentages were recorded with both observation methods. As for the number of the root canals inspected at both resection levels when using the OM no statistically significant differences were found.
Regarding the isthmus frequency in the mesial roots of mandibular first molars, no significant difference was found, when the OM was used as the observation method comparing the two resection levels. On the other hand, significant differences were found concerning the type of isthmus inspection method, at both resection levels, with increased possibility for an isthmus to be inspected under the OM (3 mm: p<0.01 -odds ratio = 24; and 5 mm: p<0.01 -odds ratio = 29).
Although no significant difference was found regarding the number of the mesiobuccal mandibular root canals recorded at both resection levels no matter the mode of the observation, the p-value at the 3 mm level (p=0.0576) is suggestive of a correlation. Significant difference (p<0.01) was found as to the number of the root canals revealed using the OM, with increased possibility for locating a second root canal at the level of 5 mm, comparing the two resection levels (p<0.01).
The presence of isthmus was recorded at higher percentages at both resection levels under the use of an OM (3 mm: p<0.01 -odds ratio=12 and 5 mm: p<0.01 -odds ratio=9.2). Statistically significant difference was revealed concerning the percentages of the existence of an isthmus between the two resection levels using the OM, in favor of the 5 mm level (p<0.05 -odds ratio=5.87).
DISCUSSION
The presence of isthmuses in the mesial roots of mandibular and maxillary first molars has been under investigation for over 40 years (1) (2) (3) (4) (5) 7, 8, 10, (15) (16) (17) (18) (19) .
According to the literature, isthmuses are categorized to five groups (2, 4) . Previous studies have investigated and analyzed isthmus occurrence by means of frequency, type or both in mesial roots of maxillary (1, 7, 8, 15) and mandibular (2,3,7,15,17,18 ) first molars. The majority of these studies (1, 2, 7, 8, 15, 17) examined at the same time the number of the root canals appearing in mesial roots of the mandibular and maxillary first molars. The analysis was performed at 3 and 5 mm from the apex. This type of investigation has been done by other authors in order to reveal the presence of lateral canals in these roots (4, 5) .
The most commonly used methods for in vitro isthmus identification are the use of a magnification system, such as an optical microscope (1,4,5,15), a scanning electron microscope (8), a stereomicroscope (2), microphotographs (20) , polyester casting resin replicas (17) , and a microtomograph (20) . In in-vivo situations, such as surgical endodontic treatment following apicoectomy, an endoscope (7) or a surgical OM (9) have been used.
Under the terms of this in vitro study, the resected root surfaces of the mesial roots of the mandibular and maxillary first molars were examined macroscopically and with the use of an optical microscope. This kind of isthmus detection methodology at these types of roots has not been applied before.
According to the literature, isthmus frequency is reported to be highest at 4-6 mm short of the apex in the mesial roots of maxillary first molars and 3-5 mm short of the apex of mandibular molars (1,4) . Moreover, the apical third of a root is the area where endodontic apical surgery takes place. These are the main reasons why in the present study, the roots were resected 3 and 5 mm short of the apex.
The frequency of isthmus in the apical third, regardless of the exact inspection level, in the mesial roots of first molars varies between 6 and 83% for the maxillary molars (4, 7, 17) , and between 8 and 76% for the mandibular molars (1,7) . The percentages reported in this study are on the higher end for both types of teeth and in agreement with the previously mentioned studies.
Although no significant difference was found concerning the number of the mesiobuccal maxillary root canals recorded at both resection levels regardless of the observation method, the p-value at the 3 mm level (p=0.0576) is suggestive of a correlation. More specimens would be needed in order to further investigate this hypothesis. A review of the existing literature shows that all previous studies targeted on the identification of isthmuses, whereas the current study focused on simulating the clinical challenge produced by the present of isthmuses. The comparison of standardized macroscopic observation versus OM detection of the isthmuses revealed better results for the microscopic analysis.
In conclusion, under the conditions of the present study, OM was proven an essential tool in the field of endodontic apical surgery in order to increase isthmus detection accuracy and aid the subsequent treatment.
RESUMO
Os objetivos deste estudo foram avaliar a presença e a freqüência de istmos nas raízes mesiais de primeiros molares superiores e inferiores (em dois níveis de ressecção a partir do ápice), e comparar os achados obtidos por observação macroscópica (OM) e microscópio operativo (MO). Quarenta raízes mesiais superiores e inferiores foram examinadas a 3 e 5 mm do ápice, inicialmente macroscopicamente e em seguida com o uso do MO 
